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Partial EngUsh Translation ofCN 1081175C 
CN 1081175C 

2-1 Claims 

1. A wear-resistant alumina ceramics, characterized in that said alumina ceramics is 
5 consisted of 88% (weight) or more and 95% (weight) or less of AI2O3, 5-12% (weight) of 

auxiliary components and 0.5% (weight) or less of impurities; said auxiliary components 
being consisted of 72-85% (weight) of SiOz, 3-25% (weight) of MgO, and 3-25% (weight) 
of CaO; the weight percentages occupied by each component in said auxiliary components 
relative to said ceramics as a whole being the following: SiOz 3.6-10% (weight), MgO 
10 0.2-2.5% (weight), CaO 0.2-2.5% (weight), respectively, and the defect ratio of said 
ceramics being,5% or less. 

2. The wear-resistant aliunina ceramics according to claim 1, characterized in that, 
relative to per 100 weight parts of basic composition consisted of 88% (weight) or more and 

15 95% (weight) or less of AI2O3, 3.6-10% (weight) of Si02, 0.2-2.5% (weight) of MgO, 
0.2-2.5% (weight) of MgO and the remainder of impurities, 0.01-15 weight parts of Zr02 is 
added. 

. 3. The -wear-resistant alumina ceramics according to claim^l, - characterized in . thatiiis ^; 
20 the impurities described above, alkali metal oxides has a content of 0.4% (weight) or less, 
and TiOs has a content of 0.2% (weight) or less. 

4. The wear-resistant alumina ceramics according to any one of claim 1-3, 
characterized in that said alumina ceramics has an average crystal particle diameter of 

25 1.0-5.0nm and a volume density of 3 . 60 g/cm^ or more. 

5. A method for manufacturing the alumina ceramics according to claim 1, 
characterized in that, fomnilating the feed powders with a predetermined ratio, 
micropulverizing this mixture into the powders with an average particle diameter of 0.5-1.0 

30 |am, and then shaping the micropowders obtamed into a desired shape to obtain a shaped 

1 



article with an volume density of 1.90-2.10 g/cm^, and baking the shaped article. 
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2- 2 (Page 2, lines 9 to 15 of the Specification): 
Means of solving the problem 

The means of the present invention for attaining the object described above is to 
provide a wear-resistant ahunina ceramics, being consisted of 88% (weight) or more and 
5 95% (weight) or less of AI2O3, 5-12% (weight) of auxiliary components and 0.5% (weight) 
or less of impurities; said auxiliary components being consisted of 72-85% (weight) of Si02, 

3- 25% (wdght) of MgO, 3-25% (weight) of CaO; the weight percentages occupied by each 
component in said auxiliary components to said ceramics as a whole being the following: 
Si02 3.6-10% (weight), MgO 0.2-2.5% (weight), CaO 0.2-2.5% (weight) respectively, the 

10 defect ratio of said ceramics being 5% or less. 

2-3 (Page 3, line 3 to page 4, line 34 of the Specification): 

That is, the wear-resistant alumina ceramics of the invention is characterized in that: 
said alumina ceramics is consisted of 88% (weight) or more and 95% (weight) or less of 

15 AI2O3, 3.6-10% (weight) of Si02, 0.2-2.5% (weight) of MgO, 0.2-2.5% (weight) of CaO, 
and the remainder being substantively the inevitable impurities; the sum of the contents of 
Si02, MgO and CaO described above is 5-12% (weight); provided that the sum of contents 
of Si02, MgO and CaO described above is 100, the proportions of each of the components 
-are the following: -.SiOz 72-85% (weight), MgO 3.25% (weight),. CaO 3.25%..(w.eight),.,: 

20 respectively, the content of the inevitable impurities is 0.5% (weight) or less, and the defect 
ratio is 5% or less. 

The content of AI2O3 which is the main component described above is more preferable 
to be in the range of 90-94.5% (weight). Furthermore, the contents of the auxiliary 
components described above are preferable to be the following: Si02 5-10% (weight), MgO 
25 0.4-1.5% (weight), CaO 0.3-1.5% (weight); when the sum of each of the components 
described above is provided to be 100, it is more preferable that the proportions of each 
component are in the range of Si02 73-84% (weight), MgO 3.5-1% (weight), and CaO 

4- 15% (weight). 

Additionally, in the invention, in order to fiirther increase the strength and toughness of 
30 the alumina ceramics described above, and at the same time, to make the microscopic 
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structure thereof being more uniform, 0,01-15 weight parts, preferably 0.05-10 weight parts, 
more preferably 0.1-8 weight parts of Zr02 are add into each 100 weight parts of a basic 
composition consisted of the aforementioned components. 

Additionally, the invention provides a method of manufacturing the wear-resistant 
5 alumina ceramics, characterized in that: formulating the feed powders with predetermined 
ratio, micropulverizing this mixture into the powders with an average particle diameter of 
0.5-1.0 \un, and then shaping (molding) the micropowders obtained into a desired shape to 
obtain a shaped article, and baking this shaped article. Here, the specific surface area of the 
pulverized micropowders is preferably 8-15 mVg, and the temperature of baking the shaped 
10 article is preferably 1350-1600'C. 

The content of the aforementioned inevitable impurities is set to be 0.5% (weight) or 
less, however, among others, it is preferable to set the content of alkali metal oxides such as 
Na20 and K2O and the like to be 0.45% (weight) or less, more preferably 0.4% (weight) or 
less. Furthermore, the content of TiCh is set to be 0.2% (weight) or less, more preferaibly 
15 0.15% (weight) or less. 

Additionally, the each of the components described above has great affect on the 
wear-resistant property of the ceramics. Thus, it is preferable to control the defect ratio on 
the mirror polishing face to be 5% or less. The reason lies in that if the defect ratio exceeds 
- 5%, these defects will become-.the.starting points of abrasion,..acceleEating.the.abrasioni thus.. -.. 
.20 resulting in the drop of the wear-resistant property, simultaneously, resultmg in the 
inferiority of the impact resistant strength, so it is undesirable. The defect ratio is preferably 
3% or less, more preferably 2% or less. 

Mode for carrying out the invention 

25 As described above, the wear-resistant alumina ceramics of the invention is prepared 

by: formulating the feeds accordmg to the ratio as described above and pulverizing this 
mixture into the powders with an average particle diameter of 1.0 |iun or less and specific 
surface area of 8 m^/g or more, more specifically, formulating the feed powders with the 
average particle diameter of 0.5-1.0 |im and the specific surface area of 8-15 mVg, 

30 sinter-shaping the feed powders obtained into a predetermined shape to obtain a shaped 
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article with a volume density of 1.90-2.10 g/cm^, and then baking this shaped article at a 
temperature of 1350-1600 °C . The specific manufecture method is as follows; 

(1) Firstly, formulating the compounds of each compositional element constituting the 
alumina ceramics according to the component ratio described above, and addmg ZrOz feeds 
5 if necessary, then performing pulverization, mixing, dispersion by wet method using the 
known pulverizers such as ball milling machinei, roll milling machine and the like in water 
or an organic solvents to fonnulate the feed powders. 

As the main component, the alumina feed has a purity of 99.7% (weight), a specific 
surfece area of 2 m^/g or more and an average particle diameter of 3.0 ^m or less, more 

10 preferably an average particle diameter of 0.5-3 .0 nm. Furthermore, the alumina jfeed can be 
made by Alum method; however, the most preferable alumma feed is made by using Bayer 
method, wherein the feed can be made inexpensively. 

As the feeds of MgO and CaO in auxiliary components, the salts of oxides, hydroxides, 
carbonates and the like can be employed, but it is preferable to use the salts with an average 

15 particle diameter of 3.0 or less, more preferably with an average particle diameter of 
0.5-3.0 \xm. Furthermore, as Si02 feed, silica, quartz, silica sol, tefraethyl silicate and the 
like can be used, and what can be used also is quadratic system zirconium obtained by 
solid-dissolving the rare earth type elements of Y2O3 and the like as stabilizer into clay 
,.. ., ,...,.,.inineEals>..such-..as..kaolin. and . the -like or Cr02. -As.theifeed,.of this-Zi0.2,.-the.feed.with, an- .- -. 

20 average particle diameter of 1.0 |iim or less, preferably an average, particle diameter of 
0.5-1.0 |Lim, and a specific surface area of 5 m^/g or more, preferably 5-16 m^/g or more is 
used. When using the quadratic system zirconium in which the stabilizers of Y2O3 and the 
like is solid-dissolved as the feed, the toughness thereof can be increased by the ejBfect of 
stress-induced phase change. 

25 In the feeds of alumina ceramics described above, inevitable impurities such as Fe203, 

Na20, K2O and Ti02 and the like are generally contained, however, since the alkali metal 
oxides and TiC^ in the inevitable impurities either form secondary phase or result in the 
formation of abnonual particles, feeds ui which the inevitable impurities are as few as 
possible should be used; in particular, since Na20 and K2O are easy to form glass phase with 

30 Si02 and the like, feeds in which the content of tiie alkali metal oxides is below 0.45% 
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(weight) should be used; furthermore, since TiOa either accelerates the growth of the 
crystals or becomes the reason of abnormal crystal grain growth, it should choose the feeds 
in which Ti02 content is 0.2% (weight) or less, preferably 0. 15% (height) or less. 

Pulverization, mixing and dispersion are preformed in water or organic solvents by wet 
5 method. Here, the viscosity of the slurry is preferable to be 50-1 500 cps. When the viscosity 
is high, a dispersant such as sodium acrylate, polycarboxylate and the like is preferably 
added properly to adjust the viscosity. The powders obtained by pulverization have an 
average particle diameter of 1.0 ^im or less and a specific surface area of 5 m^/g or more, 
more specifically, the powders are pulverized mto those having an average particle diameter 
10 of 0.5-1.0 \im and a specific surface area of 8-15 m^/g or more. In order to perform the 
pulverization with such particle size, for example, a ball milling machine can be used to 
carry out the pulverization for 96 h using milling balls made of alumina with the diameter of 
20 mm. 

(2) drying and granulating the slurry obtained as above to obtain granulated powders. 
15 The drying methods can be selected according to the forming methods used, and generally, 
when forming by using molding or CIP (isotropic rolling) methods, spray drying is 
employed; and in the case of casting iforming and rotating granulation forming or in the case 
of using extrusion forming and injection forming, drying with a desiccator is preferably be 

1 :/i-v-:..S^eCtedv:ii ..»T.-ii..:^.».-./^.;i-i^»^-..iii V^^«.^iv|.v-.i. ■ ■ , • - v. ^ ,,v= .1, . 

20 . 

2-4 (Page 5, line 27 to page 14, line 13 of the Specification): 

The shaped article obtained as above is baked at a temperature of 1350-1600 °C, 
preferably 1400-1550°C, such that the object product of wear-resistant alumina ceramics is 
obtained. 

25 The reasons for which the components of the wear-resistant alumina ceramics related 

to the invention are limited to the range as described above are as follows. That is, the 
content of AI2O3 should be 88% (weight) or more and 95% (weight) or less. If the content of 
A1203 is less than 88% (weight), the amounts of glass phase and secondary phase formed in 
the inside of the sintered body will be increased which cause the strength and hardness of 

30 the sintered body inferior, and the impact resistant property and wear-resistant property 
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thereof are also dropped, thus it is undesirable. Furthermore, if the content of AI2O3 is above 
95% (weight), not only glass phase formed in the inside of the sintered body will be too less 
which causes the sintering property inferior, but also as the baking tenq)erature is increased, 
the segregation of glass ph^e will be likely to be produced on the grain boundary of 

5 alumina, which becomes the reason of abnormal crystal grain growth and makes the 
hardness, toughness and strength inferior, thus it is also undesirable. 

Furthermore, SiOj, MgQ and CaO as the auxiliary components described above are 
added as sintering aids, and these auxiliary components are present mainly as glass phase on 
the grain boundary of alumina, which restrams the growth of crystal grains thereof, 

10 increases the volume density, restrains the defect ratio inside and increase the wear-resistant 
property Limiting the contents of each auxiliary component to the range described above is 
based on the reasons as described below. 

That is, when the contents of SiOj, MgO and CaO are in the range of SiOz 3.6-10% 
(weight), MgO 0.2-2.5% (weight), CaO 0.2-2.5% (weight), respectively, not only the 

15 thermal expansion differential and wetting property between them and AI2O3 crystals are 
adequate and the crystal particle diameter and distribution are controllable easily, but also 
the strength and the toughness of the grain boundary of alumina are increased, thus the 
impact resistant property and the wear-resistant property are increased. However, when the 
-content of any one of Si02, MgO and CaO exceeds the ranges.described above, in addition. . . 

20 to the drop of the strength of grain boundary of alumina, the formation of secondary phase 
particles, the abscission of the crystal particle diameter due to the impact and friction with 
other materials and the inferiority of toughness, the crystals become larger at the baking 
stage and the (over)growth of abnormal crystal grains occurs easily, which results certainly 
in the absence of uniformity for crystal particle diameter so that the impact resistant 

25 property and the wear-resistant property drop, so the ranges described above are selected. 

Specifically, when the content of Si02 is less than 3.6% (weight), the sintering property 
of the alumina ceramics is inferior. Furthermore, when the content of SiCh exceeds 10% 
(weight), it will result in the grain boundary intensity of alumina ceramics inferior, so the 
values described above are selected. Additionally, when the content of MgO is less than 

30 0.2% (weight), the crystal particle diameter of the alumina ceramics is short of uniformity; 
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and when the content of MgO exceeds 2.5% (weight), the secondary phase will be 
precipitated, therefore the content of 0.2-2.5 % (weight) for MgO is selected. Furthermore, 
when the content of CaO is less than 0.2% (weight), the sintering property of the alumina 
ceramics is inferior, and when the content thereof exceeds 2.5% (weight), it will also result 
5 in the sintering property of ahimina ceramics inferior and the growth of abnormal grains, so 
the content of 0.2-2.5% (weight) for CaO is selected. 

In addition, the sum of the contents for SiOj, MgO and CaO^ that is, the content of 
auxiliary components is selected as 5-12% (weight), the reason lies in: when the sum of the 
contents for the components described above is less than 5% (weight), the reduction in the 

10 amount of the glass phase existing at the alumina grain boundary makes the presence of 
glass phase being non-uniform, which produces the drop of sintering property and the 
growth of abnormal crystal grains of the crystals, thereby resulting in the impact resistant 
property and wear-resistant property of alumina ceramics inferior. Therefore, it is unsuitable 
to use. On the other hand, when the content of auxiliary components exceeds 12% (weigiht), 

15 the glass phase is formed too much, which results in the hardness, toughness and strength of 
alumina ceramics inferior, thereby reducing the impact resistant property and wear-resistant 
property of alumina ceramics, so the aforementioned range is selected. 

Furthermore, provided that the sum of the contents for Si02, MgO and CaO described 
. aboveis lOOj the jeason that the -proportions of each of .the.components.;are.SiQ2 72r85P/o., - . •: - 

20 (weight), MgO 3-25% (weight), CaO 3-25% (weight) respectively is as follows. That is, 
when the content of Si02 in the auxiliary components is less than 72% (weight), the 
sintering property of alumina ceramics is inferior. Furthermore, the amount of the glass 
phase increases when the content of SiOz in the auxiliary components exceeds 85% (weight). 
So the aforementioned range is selected. In addition, when the content of MgO is less than 

25 3% (weight), the crystal particle diameter of the alumina ceramics is short of uniformity; 
and when the content of MgO exceeds 25% (weight), secondary phase will be precipitated; 
therefore the range described above is selected as the content of MgO in the auxiliary 
components. Furthermore, when the content of CaO in the auxiliary components is less than 
3% (weight), the sintering property of the alumina ceramics is inferior; and when its content 

30 exceeds 25% (weight), it will not only result in the sintering property of alumina ceramics 
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inferior, but also make the crystals growing easily, so the aforementioned range is selected 
as the content thereof. 

Relative to 100 weight parts of a basic composition consisted of the aforementioned 
components, 0.01-15 weight parts of Zr02 are added into the wear-resistant alumina 
5 ceramics of the invention, thereby further increasing the strength and toughness, and at the 
same time, making the glass phase in grain boundary of ahimina dispersed in a uniform 
ma,nner. Furthermore, it can also decrease the distribution of crystal particle diameter and 
make the structure of the sintered body uniform. The reason for setting the aforementioned 
range for the addition amount of ZrOa lies in: when the addition amount thereof is less than 

10 0.01 weight parts relative to per 100 weight parts of the basic composition consisted of the 
aforementioned components, a sufficient effect cannot be achieved; and when this addition 
amount exceeds 15 weight parts, it will in turn result in an inferior hardness. Particularly, 
when using Zr02 powders without the addition of a stabilizer, monoclinic zirconium tends to 
be ejqsted in the sintered body which may produce microcracking, thereby making the 

15 wear-resistant property and impact resistant property thereof inferior, so it is undesirable. 
Relative to per 100 weight parts of the basic components described above, the 
aforementioned addition amount of ZrOj is 0.01-15 weight parts, preferably 0.05-10 weight 
parts, and more preferably 0.1-8 weight parts. 
, : , . •.. ■ Hcr© j the ZtOi feei addcd preferably -is a feed with an a¥erage.paEticIe.diametei; of J.a .-■ - 

20 Jim or less. The reason lies in that when the average particle diameter of Zr02 feed exceeds 
1.0 |im; monoclinic system zirconium tends to be esdsted in the sintered body which may 
produce microcracking, thereby making the wear-resistant property and impact resistant 
property thereof inferior. Thus, it is undesirable. Furthermore, as the Zr02 feed, the feeds 
solid-dissolved with the stabilizers of rare earth type element oxides or the like can also be 

25 used. Here, for the Zr02 feed containing rare earth type elements oxides, such as Y2O3, as 
stabilizer, the feed with Y2O3 content of 5% (mole) or less is preferably used; thereby the 
toughness can be increased by the effect of stress-induced phase change of zirconium. 

As described above, accordmg to the invention, specific amounts of specific auxiliary 
components are added in a predetermined ratio into the AI2O3 being main component, while 

30 restraining the amount of the inevitable impurities contained in the feed, thereby the alumina 
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ceramics with excellent wear-resistant property can be obtained, wherein the alumina 
ceramics described above have an average crystal particle diameter in the range of 1.0-5.0 
\im and a volume density of 3.60 g/cm^ or more, additionally, and the defects of particle 
ablation or the like caused by pores and polishing treatment is less, being 5% or less. 
5 In addition, when the average crystal particle diameter of the sintered body exceeds 5 

Hm, it will result in the hardness and decreased wear-resistant property of the alumina 
ceramics inferior, so it is imdesirable. The average crystal particle diameter of the sintered 
body is preferably 3 |ira or less, more preferably 2.5 |nm or less, additionally, in the case 
where the chipping-resistant properly is not a problem, in view of the balance between it and 

10 the wear-resistant property, it is preferable to set the average crystal particle diameter in the 
range of 5^m or less. Furthermore, when the largest particle diameter thereof (the crystal 
particle diameter when the cumulative volume is 100%) exceeds 10\im, the distribution of 
crystal particle diameter becomes wider and the hardness is inferior. This result is related to 
the inferiority of the wear-resistant property and is unsuitable for use, thus it is preferable to 

15 use the sintered body with the largest particle diameter of 10 |im or less, and more 
preferably 8 \im or less. 

Additionally, the volume density is selected as 3.60 g/cm^ or more, the reason lies in 
that when the volume density is less than 3.60 g/cm^, the degree of sintering is not enoi^ 
. . ., and-atlhe-same time,.there-is many pores to be defects,. wMch^not-only . causes the inferiority 

20 of the strength, hardness and toughness, but also accelerates the abrasion, thus it is 
undesirable. It is preferable to select the volume density of 3.65 g/cm^ or more. 

The alumina ceramics of the invention has excellent impact resistant property and 
wear-resistant property because of small crystal particle diameter, dense crystals and less 
defects. Therefore, comparing with the conventional sintered body with the same level of 

25 AI2O3 content, the alumina ceramics of the invention has high strength, large hardness and 
good toughness. The Tickers hardness of the alumina ceramics of the invention shows high 
hardness of 1100 or more under the load of 10 kgf Additionally, the bending strength 
thereof shows high strength of 40 kgfi'mm^ or more under 3 points bending method specified 
by JIS1610. Furthermore, when the alumina ceramics of the mvention is made into such a 

30 ball shape as milling balls for pulverization, a milling ball body is embedded into a super 
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hard alloy plate and a stress is applied, the compression strength measured is 25 k^mm or 
more. This compression strength (o c) can be obtained from the formula: o c = 4 x P/(7t x 
D2) (kgfi'mm^). In the formula, P is breaking strength; and D is the diameter of the ball 
(mm). 

5 The wear-resistant property drops when the Vickers hardness is less than 1100. So it is 

undesirable. Additionally when the bending strength is less than 40 kgfi'mm^ or the 
compression strength is less than 25 kgfi'mm^ it will affect and reduce the unpact resistant 
property and the wear-resistant property, and thus it is undesirable, either. Furthermore, the 
breaking toughness in the measurement method specified by JIS1617 (IF method) is 3.0 

10 MPa jjb or more. 

Example 1 

A sintered body is obtained by blending each feed according to the compositions of 
Table 1, and Table 2. each mixture was wet pulverized under the concentration of 60% for 

15 48 h by using a ball milling machine made of 92% alumina (capacity; 7.2 cubic liter) and 
milling balls made of 92% alumina with the diameter of 20 mm, to obtain a slurry 
containing the fine powders having average particle diameters as showed in Table 3, Table 4 
and specific surface area of 8 mVg or more. To the slurry obtained, a 3-5% (weight) of 
,„.,.,.aqueous polyvinyl. alcohoisolution as. a adhesive was added to.adjustlhe.wisGosity=to.be.350 .. 

20 cps, and dried by using a spray dryer sustained at 20010, and granulated to obtain the 
powders for forming. Under a forming pressure of 1 ton JB'cm^ (in the case of Sample No. 20 
and No. 38, the forming pressure was 300 kgfi'cm^), the powders for forming were formed 
into ball shape and plate shape by CIP forming method. The shaped article was baked at 
1380-16001C to obtain a ball having a diameter of 10 mm and a 50 x 50 x 4 mm plate. The 

25 ball, after barrel polishing, was used as the ball for pulverization; and the plate, after cutting 
and grind-cutting treatment, was used as the test sheet for the bending strength test specified 
byJIS1601. 

As alumina material, as to Sample Nos. 1-21, 24-39, the agglomerated low-sodium 
alumma feed with a secondary particle diameter of 45 |nm, a specific surface area of 2.5 
30 mVg and a purity of 99.6% made according to Bayer method was used respectively; as to 

9 



CN1081175C 

Sample No. 22, the active alumina feed with an average particle diameter of 1.0 ^m, a 
specific surface area of 6 m^/g and a purity of 99.8% was used; and as to Sample No. 23, the 
agglomerated low-sodium alimuna feed with a secondary particle diameter of 55 fim, a 
specific surfece area of 1.5 m^/g and a purity of 99.7% made according to Bayer method was 

5 used. 

Additionally, as the feeds of MgO and CaO, carbonates with a purity of 99.5% were 
used; and as the feed of SiOa, kaolin was used. As the feed of ZrOa, in Sample Nos. 5, 8, 10, 
15 and 25, zirconium dioxide with an average particle diameter of 1.0 |im, a specific surface 
area of 12 mVg and a purity of 99.9% was used; and in Sample No. 13, zirconium dioxide 

10 containing Y2O3 2.8% (mole) and having an average particle diameter of 0,5 |iim and a 
specific surface area of 1 8 mVg was used. 

Wear-resistant test was performed according to the method as described below using 
each ball for pulverization obtained. That is, the balls for pulverization were loaded into a 
ball milling machine with a volume of 2 L made of alumina (purity: 92%) to one half 

15 volume of the ball milling machine, and 900 g of alumina feed powders with an average 
particle diameter of 25 jun, and a spedfic surface area of 1.2 m^/g and 0.7 L of water were 
added, and then pulverization was carried out in the ball milling machine under the rotation 
speed of 100 rpm for 24 h. The percentage relative to the weight of the ball before 
-v^easiM»ment-..:wa&»calculatedrAom -the. weight.-differ«irtial.iof 4hft..ball-;.before •and-.aftaF.lhei..'.. -r,. 

20 measurement and yfas regarded as abrasion ratio. The results obtained and the volume 
density of the ball for pulverization, crystal particle diameter, defect ratio, Vickers hardness, 
bending strength, the vohime density of the shaped article, the average particle diameter and 
specific surface area of powders for pulverization were shown together in Table 3, and Table 
4. The bending strength was measured by a test sheet processed from the plate. 
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In Table 1, and Table 2, the addition amount of Zr02 was shown relative to the 
addition amount (weight part) of 100 weight parts of the basic composition consisted of 
alumina, the sintering aids and the inevitable impurities. Furthermore, in Table 1, Table 2, 
Table 3 and Table 4, the sintered body of Sample Nos. 1-17 satisfied the conditions of the 

5 invention, but Sample Nos. 18-39 were the sintered body being not satisfied at least one of 
the conditions specified by the invention and fallen out of the range of the invention. 

The average crystal particle diameter was obtamed as follows: after abrasive 
machining the sintering body on a diamond grinding wheel in the order of No. 140-No. 
400-No. 600, and fiirther grinding on a diamond grinding wheel in the order of 40 p.ia-6 

10 fim-3 iim-l (xm to be polished into mirror surface. To this, thermal etching was performed 
fiirther, followed by an observation on a scaiming electron microscope with a magnification 
that more than 100 crystals can be observed in a view field, and a photograph was taken. 
The area of a crystal was measured from this photograph by picture analysis and converted 
into equivalent circle diameter (D), and the crystal particle diameters of 100 crystals were 

15 measured in this way by taking D x 1.5 as the crystal particle diameter. The volume of the 
crystal was calculated according to these values, and the crystal particle diameter, when the 
cumulative volume is 50%, was taken as the average crystal particle diameter. 
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mVJ, AI20388 - 95% (afi)^#t'ft;«PS«e?)±^ 52^, 
#^jilP^SiOi72 -85%(a*)>MgO, -25% (MM). 
GaO, -25 % (Si:)M^Ki3»m4)','KS^W*^:J> 

^m^mmj^A^Brmm^ sio,3.6-io%(a 

fi)^ MgO 0.2 -2.5%(M)^ CaOO.2-2. 5% (M. 

M) . jijgys^j-w-iSLsa^ftisfissfiSfM^^j 5 - 12% 
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IjAT^^f ffifeiiSlfj^^^* SiO. 72-85%(a:*). MgO 3-25% (Sfi) . CaO 
3-26% (SS)mfifc. mi^«ltl^^4'fi?l«-^^^)-5fif0f]fe&m^4l#:^f^SSH 
^JiMtr^J-S'J^b SiOz 3. 6-10% MgO 0, 2-2, 5% (Sfi) . CaO 0.2-2.5 

10 Al,Q.88%<Sl:)lJil±. 95%(S*)BtT> SiO, 3. e- ioiki (SS) . MgO 

0.2-2.5% (S*)> CaO 0. 2-2. 5% 

. ^j&P ZrO* 0. 01-15 Sft^o 

15 4. SB«t5pJg^ l-3Zft-3^J9fiK6*Jit^^^^fc*S|SSl1^. '^^^?E^^- 

3^ef)^-ffc«|Hi«EW¥*&^*Jfife^?^ '1.0-5.0 u rn, ^IRSf 3^ eOg/cm' lji± . 

^edbbMSe-a-J^it^^^t^* ^f^^S-^il&^^lfeJl&fi^S^Ji^^i^ii^ 0.5-1.0ixinfi«l3(!^^ 
jgp :f^0f#e«)m^*^?^^B^^fi^l^^' ,=^iiJ^lRafja^tr 1.90-2.10g/cra''e<lfi33; 
20 M#- 
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5 

^ f+ *t j|4 iss a 14 n ifc ^ «g jst s $d ^ . 

'f^m^, ■^n^-fcfep^ss'S'^ AI2O395 - 98 %{mMyM±m^^. w^^n* sioj 

40 - -85 % (SS)> MgO ID - 55 % CaO 5-50 % M)ia fiStfi^J l^^a 

'25 5*I^R]2 - 5 % (S*); JtkiS'h. 7 " 237961 ±il Hi T - W AI2O3 

ik9Q ' 95 %(M&)^^^^6^, nmasiOjS.o - 5.0 %(MiSth MgOI.O- 
1.5 %(S4)^B203 0.5 - 3.5 % (mil)Bff^fi5(i6<I^ft^|5^^€. 

7 - 206514 •^^ji^±^mmm.itmm^f^m\'^mm'- m^cft 

35 X, ^#3ff^ 7 - 237961 •^^|g.±il£tili*JtC'ft^l^^M^ r^^WAhOj 
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A1,0, 88!K;(«*)IUJ:, 95%(S«)UiT. «tS6^^ 5-12%(m*) • 
^^M0/5%m*)JSilTiaj«i BfifeStlfe^^i SiO« 72-85%(fi*). Mg0 3 
-25%(S»)> CaO 3-^25% (Sl:)afl£! j^3**l«IJ«43h'=f W^-t-^^J-Jfif B^f 
3^|S|^£«E#^.^a*W4J-iil^»J^«l SiO, 3.6-10% (m*). Mgp 0.2-2.5% 
(ga) > CaO 0.2-2.5%(Sg:)., ^yfi^iaa^^li^^ 5%IUT. • 

400 mkisim^m^^^* isoo ^it/^:, -mA^st 

Sum, X\^m^^ n^/^iti^^'V » ISM^ 50iiin:tMfSE±^A. ^|lI#i5(J 
.30 e>i^lO^JC. WJfeffi 600-^JtiPe*I^HiJ^#2^. «e>$fegf)Ml^l3iS^^150O5|fe/ 
-^AJSgfiiiSt? 2n tn, 10/|j>M4t#.T. HM^ 20-3011 m:tJsf!5 

jh^A. 15 2^. j;^, 2.6kgf/cm*S;(j^itil=^ 40ura6«J^ 

mi 2.6kgf/cin'Sjib4lFiSt«^ 6iim6«r^HiJ^iF3(afi«I^B'J^^ira 5 

35 ^¥^^mmx Wfet 2.6kgf/cin*ffi;^/J||F^aW 3ume{l^HiJ^«.i|a6^^BiJ^ 
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BP,2!c.SBJMW«^±«^^m^g6^J#■^E.^T:^>^fi^6^)f^^t^^^^* AI2O388 

%(S.M)W.±. 95 %(S4)iyT, SiOi 3.6 - 10%(SS), MgO 0.2 - 2.5 

%(!:«). Gao 0.2 - 2.5 ^m^m±^^^m^m^!^m^\ ± 

3gBSi02, MgO^ CaO 5- 12% (Ml:); ^±i^ SiO; , MgO 

^tCaOW'g'*;t^P^ 100Tt.PJ#jat:$)'teIt^J^i3'J^^SiO2 72 - 85 %(SS)» 

MgO 3-25 cao 3-25 % {mM), ±^yf^^m^ii^3^mtm^ 

0.5 %(SJ:)U;IT. mm^^S %WiT. 

Yf^±i&^^0,^^A\2O3 ^-^mWi^o - 94.5 %(SS)fli}?BM^?. 
#>fcr±ieMaftJS;:$J'e<i'^ftiil SiOl 5- io%(Ma), MgO 0.4- 1.5% (HI:). 
CaO 0.3- 1.5 ±i!^^^^Zmi^tl^ IQQ , ^ fiSc ^ Snt i?*J ^ 

giJ^fcrSiOa 73 - 84 %(!:*), MgO 3.5 - CaO 4- 15 % (m^) 

fl-t, ^S6^aafciaiRMtiD±&-. iooaft^sjij5EjBS:^}'iajsitfl*iii2|5:ti^i^^ 

in Zr02 0.01-15 SftlS-. aSfetjJi 0.05-10 :giEf&<)J^ 0.1-8 

J§'f3£6<Jfcb«>ilS£-^M3l«4*S^5l^. Jl^F^^S-^it^f^mifJSsisM^l^^SL^ii^ 0.5-1.0 M m fi<j 

m^^'^^&^UB^mm^^^^jfntfyMi^, ^^ly^jj^iiR^jt^^ 1.90. 

llOg/cm' WjafeMi^, J^Jlfe-^JSltSU*, ifcbP^, J|^5?i5fltl1^it5^5j5fiiJi:t^®^P.lil 8 
- 15m=yg^^J:v 1-350- -'^•11600 X 5fc;#. ■ - 

Na2OSK2O^W«*^ja«'ffc^W^ffl:®i^0.45%(S#)WT,3$Sf^l1)^0.4%(E 

S)lStT; Jl, TiQaS*)^*^?^, o.2%(Sl:)EilT. miiftfii^^ 0.15%(ES)W 
T. 

^^h, jgffj!^&5^PS^5!tp§«gfiiJiia#Bi/^^^i^fi<jfii'i^. Hilt, ^mm^ 

k^ij^^j^j^^hS 0.5-1.0 M m , mt^mn^B-ism^/gii^mmm^, mn^SL 
mfjrn^mmm^Mpji^&rim'^. mmwm^^m^ i.9o-2.iog/cni^ fi«^i2^. 

3 



;]£ 1350 - 1600 t:ffiiiS«TJ^#£^fi!tl!l*M]!iIJWfty#6<f. M.mmi^^mim 
T. 

^^^^^ 99.7 % (mi). Lt^®*Ri% 2m-/g 
liAJl. ¥i4j)^^l£3.0 P m IMT. ^Sf fif)Ji¥±^^#S 0.5 - 3.0 M m . ^^'h, 

f^^i^WfitiJSSt^'t'M MgO 21 CaO fi<iJ!^l4. "Bl^mit'f'ktf. ^^^-fci^. fi*^ 

^:£0.5- 3.0 M m X. f^^^ SiOj ^Wl^fflSS. 1 

l^i)i^±^fi<lJ|*±rtlS!cZr02'=t='fl<3jE:^fa^^^. j^T ZrOi fit? 14 . f^ffl^T 
l^JgLS:'^ 1.0 M m IJilT. 2BE$f6<jJii$m^^i^i|*^SS0.5 - 1.0 m m . n\t 
^Kffiifll£5mVgPil±,2g£^6<l^^ 5 - 16m-/g W±fitlJ^I4. ^f^ffilSIt^ Y2O3 



500cps \iXT. Brn^m^mmW^=?-mU^ 150 - 250 x: Sti^aJtTi?^!?^'^. ii 

^mmmm^m^^^mm^Y^i^mmiT^ft^.^^^m^^, so - 120 
25 ^ i.90g/cin^utj:, MSffi<iji:& i.95g/cmnii±. mmm^muwti^wmnmT^ 



^ 1350 - 1600 1C, Si^fiUJiffi 1400 - 1550 tC flm^T:® ^iP_t 
30 T. eP, AlaOifKl-g-liSj^ 88 %(S1:)W±, 95%(1:S)WT, ^AJjOafi*)^^ 

5 



X. ^ifcr±3S«tB&^^W Si02 . Mgo RC2iO m^^^^mmmiiu^, 

IP. Si02. MgOjaCaOW^S^J-iSlJi^SiOa 3.6 - 10 % (fit). MgO 0.2 
- 2.5 %{mM)^ CaO 0,2 - 2.5 % (Sa)fiUI£® Bt> I'l'J^iX'&in-^ AljOj^ft 

^^m. m si02 w-g-s^pJ 3.6 ^it^mm^^i^'\ii^T; 

m±3^;tm. :^^h> ^ MgO fl^J-ta^iJ 0.2%(li:)Htt, ^ ?S 1!^ ^ 6?! i?a ^ «L 

^ MgO W^fi:^^ 2.5%(ai:)a^, PJ t/f ^ +0 . iffL^Ajji MgO 
flij'&fl:^ 0.2 - 2.5 %(!:#). ^ CaO fiij^a:^?'] 0.2 "X(mS)Bt. ^ 

'«:^iagftW:SE^i4^teT; M^^^ft^ii 2.5 % (S Dp^. WlX^mmit^m 

«SW*teigi*S9^KTSW^1ira«tfl«l^-|^:, SlttSl CaO filti:^^ 0.2 - 2.5 %(S 

ft). 

^^h, Si02. MgOS CaOfit)^ft:tiW, f!P, ffi Btl SS; ^ fltl ^ ft J8t 5 - 

,12 % (EJ:,X> ,.i4;ll?;^-t*^.^f^^^^ 

H^. S^±i£Si02. MgO^CaOfl*l^ft:tfa5^ loon^f, &^^finti?!j 
^5lJi^Si02 72 - 85 %(Sft)^ Mg03 - 25 %(Sft). CaO 3-25%(SS) 

Bua^ipT. BP. ^iiifl&j5K4}-4' siOzfia^ft^pJ 72 %(ma)fi-r. ^it^n^ 

^^mmm^T; X. ^WSd^^t Si026<j^ftffiii 85 %(fift)fl^. ^^^tlilfi*! 
^>lfl'il^MgO:&i^K?^^J"ttt«)'tft^^ J:^?^®. ^lifiiJfiK^^ CaO (Hi 



10 £ft^d«l±j££:4^ia«)'^ 0.01-15 ISf^ddS 0.05-10 MHi^m 

3\M:mit^&^mm^^M.ik,^m^, ±m^it^^^M.^ 1.0^5.0 ^ m ^^m 
jH^^^i^raMMi^m., . 3.60g/cni' w±s<j^*a:^iS,.. ja,^-*n.?iJiiJt^jBX5i. 

H»WJi:^2.5M mUr. 3t. S 19 g!H4 H fiSi f"! 6<J ^ . %lSilJ»^«0 
jfcf 100%B^tellfltat§)j®iil0ii mP*, ^Mi^T. n 

X, Wn^m^^ 3MBhm^VJ.±, ^^m^, ^f2(t|RW^^ilJ 3.60g/cm^ 

35 }>^^j^mmm^m. mst, itmmmm. Ai203^i:;fai^7X)t6<iisit<*3fe. ^ 



^, mn^B.3^!^^25kgf/tani^VJ,±. T^,i^E5S^(o c)Br^5^: o c - 4 >« 
py(n X D2)(kgf/mm'M#iJ- P ^fc;5^i5r3S.g(kgf). D tS(nim). 

1100 B^, ^SifJttt^TPl. ^-fiU^SS,. X^fflSS:^ 
:f 3\ 40kgf/mra^ gSS ^ ffi 3S SE ^ ill 25kgf/min^ . ^ f$ oiSi! i'J tit S W ^ 

^m, -fe^a^i. iKJFioiii^Sc jisi607(if -mm^^^mu.:^'^^.^ 

3.0MPa 

^Sl^aj 1 

iiSlg 60 %T'f^M]^5|&iS^48/hfft, ^fiiJt^iiP^3 . ^ 4 Jiff 

5 %(»«). f^i^ite'&M. liair)telgi^ 350cps. ^^^:fe200 X:fii)iijS^^^^ 
^j*, 5t«t. ^3\Mmi&W. ltonf/cm=(iXl£20 4R38^i^ 

=i^fi«Mffi:<3?^ 3ookgf/cra^ ^ cip 0SLmm^^^mmn^0s.mi3^^i^^ 

^. ^;f#WfiJtl!<$« 1380 - 1600 X:T^$iS^£. :{4¥IJ115 10mm fiWiJ^S 50 

50 X 4mm ffl^i5i&5?Ji^. mMi^^^^mmnnx 

#^fl-^}t4v-^f '1^ - ^21 V '%14 - 39 ^•iS#v -J§#«^4' 

j^^6mVg6<i^S3^99.8 %6<jjsi4i^<tsii^j|fit. ^T23-^is;if, mmmTm 

^TK^±^|)K=S& 1.0 P m . ^fct^MfK^ 12roVg. ii^Jt ^^Z 99.9 % I^ij-I^lt 

Ji^3^?PisMfi<fS*^A2?1-#*<ft«l4fc^^(i«JS92 %)6«0ta'1'.ST^ifi^am6^ 

9oog^»7jto.7?i-, ^^m^Mmmmi3 iooTpmr^W24 A-^. )^mT^wsJBm 
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